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and 48 h. The patients were dasoitied a¢cordtug to WHO-¢dtmia s AMI or 
norvAML The non-AMI group was further divided into those with and without 
minor myocardial damage (MMD) based on Tn-T and CK-MB. The infarct 
siZe was classified as "major" or "minor according to peak CK-MB level. 50 
patients were used to train the NN and 38 patients (test set) wore used for 
the evaluation. In the test set the levels of the three biochemical markers 
were assessed successively for each time point by the three physicians and 
the NN, respectively. The physicians, but not the NN had access to the ECG 
at admission. 
The NN predlcitad "major/minor" MI after a mean of 33 minutes with a 
naris. = 1.0 and spe¢.= 0.80 for'major" MI; the physidens after 181 minutes 
with a sens.= 0.83 and spsc. =0.93. 
Concfusions: Neural netwod~ might be a useful support for the early 
diagnnsts/exdusion fAMI and prediction of infarct size. 
~-~- '~ An Arlificlal Neural Network Versus Cloesicsl 
Statistlcsl Methods to I~edict Reperfusion After 
Thrombolytl© Therapy 
Willam R.Dassen, Frita W. BAr, John Kanekakis, Hans de Swart, 
Vincent van Ommen, Boo de Mulnok. Depatfm~.nt ofCardiology, University 
of Limburg, Maastdcht, Netherlands 
Reliable noninvasive recognition of reperfusion after thrombolytic therapy in 
patients uffering from a myocardial infarction would indicate those patients 
in whom a rescue PTCA should be considered. To be able to compare 
different diagnostic techniques for making this distinction 77 consecutive 
patients in whom repadusion after thmmbelysis was unclear were included 
in this prospective study. In all patients both the ECG recorded on admission 
and the EGG directly before ang iogr~ wore compared and a number 
of electrocardiographic psrametem were derived, including changes in ST- 
segment elevation, the presence of an accelerated l ioventdcular rhythm and 
terminal negative T-waves. Of all cases, 37 were used as training set, the 
remaining (40) were used as an independent test set. Based on the training 
set a logistic regression model as well as the optimal set of combined cdteda 
were constl'ucted. The same cases were applied to train a feed furward 
back-pmpagatiug arSflcial neural network. Compared for the total predictive 
accuracy, all three models performed equally and were able to correctly 
claaslfy 80% of all test cases. However, in co|,trest to the modals daasd on 
classical statistical techniques, the neural notwo~k could not be optimized to 
obtain a 100% sensitivity without a dramatic decrease in ~ty ,  making 
cdteria derived using ciassica! ~tatistlcal techniques in this situation the 
method of choice fur recognizing a patent vessel after thrc ~belyti¢ therapy 
in myocordial infarction. 
~7"~--~ Structure Recognition In Motion PIctures Wlth 
Methods of Nonlinear Dynamics 
Martin Hadamltzky, Georg Schmidt, Heinz Kmuzberg, Grsgor Morrill, 
Albert SchOmig. I. Medizinische Klin~, Klinikum rechts der Isar, Technische 
Universilfft, Munich and Max-Planck-lnstifut fOr extraterrestrische Phys~7¢, 
Garching, Germany 
Background: On moving images (e.g. echocardiugraphio imaging) the human 
eye recognizes mere details than on still images by Integrating information 
stored in consecutive frames. This Infurmation Isnot utilised by conventional 
oompstar aided quantification or postprocasslng algorithms. 
Methods: The scaling index method is capable of describing and quan- 
tifiying stroctares in multi-dimensional phase spaco and can be applied on 
motion pictures by emeddlng the movie into four dimensional phase space, 
two dimensions representing the x and y axes, one dimension repre8entlng 
the time and one or mere dimensions representing the pixel intensity or plxel 
color. For echocardiogrephio images results in a four dimensional processing 
model. In this representation the scaling Index = describes the structure of 
the sumundtng of each pixel both Influenced by the local and the chrono- 
logical noighbeurhood ranging from low values for homogeneous areas (e.g. 
the ventdcalar cavum) through intermediate values for berdem (that means 
areas in the four dimensional representation, e.g. the endocardlal border 
line) to large values repre.~eqting diffuse structures (e.g. noise). 
Application: This computer program demonstr~,ies the catJ.'",;!lties of the 
scaling Index method in structure enhancement, edge detectit,n ~ noise 
redudiion on v~trious still and motion pictures. 
J"~-~'~ Computer Modal for  Left Ventricular 
Pressure-Volume Loops 
~ng Sun, Mazen Besham 1, R:chard J. Lucariego ~, Satvatore 
A. Chiaramlda ~. Universi(y of Rhode Island, Kingston, Rh ~ Our Lady of 
Mercy M~d~l Center, Bronx 
A computer model of the cardiovascular system was developed to charac- 
terlze the left vantrioutar (LV) pressure-volume (P-V) loops, Hemedynamics 
under beth normal and diseased conditions was simulated by use of an 
electrical analog model implemented on a MacJnteab computer. By vap/Jng 
a small set of parameters, which included LV compliance, LV contractility, 
LV volume-axis intercept, mitral valve area, and aortic valve area, a vari- 
ely of clinically-observed P-V loop shapes were accurately represented as 
illustrated by the following figure. 
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The computer model also accurately predicted the Starling curves, end- 
systolic and eed-dlastolic P-V relations. Thus, the computer model should 
serve as a useful theoretical end quantitative basis fur studying the left 
ventdcular pressure-volume loops. 
~'~"~ Should the ACC Guidelines for Digital Coronary 
Angiogmphy Be Modified? 
Sigmund Silber, Rdif D~rr, Gunoar Zindier, Hoiger MOhting, Thomas Diebel. 
Dr. MOiler Hospital, Munich, Germany 
According to the ACC/ACR/NEMA guidelines, the film for coronary angiogra- 
phy should be replaced by d'~al technology with recordable CD (CD-R). The 
recommended tosslass data co_mp-':e~sion (JPEG 2:1) results in a data flow 
of approx. 3 MB/s. This data flow, however, prevents viewing angiugrams 
in real time directly from CD-R, even with the latest "high-speed" CD-player 
technology. Data have to be time consumingly copied first to herd disk. We 
therefore assessed in a prospective, randomized and blinded study with 
1440 evaluations whether higher JPEG-comprasslan rates actually alter din- 
ically relevant infarma~on. Angiugrems using Iossleas compression as the 
reference were d~asgied as follows: 
Quality: Digital compression fates 
5:1 6:1 7:1 9:1 11:1 14:1 22:1 43:1 
Better 12 2 1 1 1 1 0 0 
Equal 42 41 27 29 28 22 17 1 
Good 90 106 101 106 102 9." 76 1 
Acceptable 36 31 51 44 49 60 84 25 
Unacceptable 0 0 O 0 0 0 3 153 
Conc/usions: Since a compression rate of 7:1 does not lead to a vis=-ola 
deterioration of digital coronary angiograms and would allow reviewing them 
in mat-time from CD-R, a modification of the ACC/ACR/NEMA guidelines 
should be considered. 
~ On-line Coronary Lesion Quantitation: Integrated 
Quantitative Coronary Ultrasonic ~ Angiographlc 
Approach 
Eugene V. Pomerantsev, Simon H. Stertzer0 Jonas Metz, William 
J. Sanders, Edwin L Alderman, Peter J. Fitzgerald. Stanford Univers~ 
Hoop/tat, ~'~arrford, CA
To assess the accuracy of quastitation of coronary arterial dimensions and 
to validate the combined use of on-line QCA, and quantitative coronary 
u,'tresound (QCU), 17 precision ddlled lesion phantoms (ARRI, Germany) 
were studied. Phantoms worn filled with Omnlpaque and digital in~ges were 
acquired on Phillips Integfis ystem and on dnofilm in 5 inch U mode, at 70 
kV. High resolution analog images were captured using high speed computer 
wori,,stetion. QCA was performed on line, using modified Quant Plus QCA 
package and on cine images in usual fashion. QCU was performed using 
digital IVUS images end diameter rneasummenta were derived from cross- 
sectional area using 2.9 French imaging catheter operating at a freduency of 
Method Accuracy Pre~slon MAD 
On Une QCA vs, Phantom 0.06 0,05 0.06 
On Line OCU vs. Phantom 0,06 0.03 0.06 
Clne QCA vs. Phantom 0.07 0.08 0.07 
QCU vs. QCA -0,04 0.09 0.07 
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30 MHz. Accuracy was expressed as the mean signed difference between 
"true" and measured values, mean absolute difference (MAD) was used for 
more detailed assessment of the systematic error. Precisidn was defined as 
a slandard deviation of these measurements. 
Conclusions: On-line QCA provides a degree of accuracy and precision 
COmparable to the off-line cine QCA and QCU. 
~ Automated Flow the Greater Quantification of In 
Artedss Using Magnetic Resonance Flow Velocity 
Mapping 
Johan H.C. Ralbsr, Vincent G.M. Buller, Albert de Roos, Rob J. van dot 
Geast. Dept. of Diagnostic Radiology, University Hospital Leiden, The 
Netherlands 
MR flow velocity mapping has proven to be a valuable imaging method for the 
non-invasive assessment of flow volume and velocity in the greater arteries. A 
software package was developed enabling frame-to-frame contour detection 
of vessel cress sections in MR velocity encoded images to enable accurate 
and reproducible quantification of flow parameters uch as stroke volume 
and cardiac output. This software algorithm was validated on MR studies of 
the ascending and descending aorta in ten normal volunteers. 
Methods: Given a contour describing the cross-sectional shape of a vessel 
in a particular phase within the cardiac cycle, the translation and deformation 
of the vessel over the cardiac cycle is estimated using the edge strengths 
in a seerch area around the position of the original contour in the modu- 
lus images using matching and dynamic programming techniques. In ten 
healthy volunteers velocity maps were acquired in the transaxial odentatio, 
with 20 phases over the cardiac cycle using a 0.5 T Phlllps MR scanner 
(TE/TR/FLIP/FOV,'VENC: 8.?/25145al200 ram/! 50 crn/s). 
Results: An excellent agreement (r = 0.99) was found between manually 
and automatically derived stroke volumes: 
Ascending aorta: mean: 04.44 ml, systematic error: 2.80 ml (-3.08%) 
Descending aorta: mean: 66.14 ml, systematic error: 0,67 ml (-1.51%) 
The analysis time per study (20 phases) was less than 5 sec. 
Conclusion:The algorithm has proven to be fast and accurate and therefore 
serves as a useful diagnostic tool for the quantification of MR velocity maps 
of the greater arteries. 
[~2"~ Medical Reduction of Digital Angiocardiographic 
Image Oats Does Not Result in Loss of Diagnostic 
Informstlons 
Georg M. Stiel, Ludrnilla S.G. Stiel, Robert Hatala, Christoph A. Nienaber. 
University Hospital Eppendeff, Dept. of Cardiology, Hamburg, Germany 
The enormus amount of acquired digital image data in a catheterization 
laboratory will soon be primary archived on a standardized igital storage 
media. However, these data requires time for later reviewing, conferences 
or additional quantitative studies implicating the loss of the major advan- 
tages o! digital acquisition and archiving. Intelligent data reduction (IDR) for 
digital angiocardiography is based upon the elimination of useless and re- 
dundant frame sequences (FS), documentation ofcoronary interventions on 
a representative single frame (F) and on the reduction to relevant FS and 
physiological data into an ECG-controlled represemetive cardiac cycle (CC). 
With a heart rate of 72/rain and an acquisition rate of 12.5 F/s a documenta- 
tion of each FS may be obtained with only 10 R An edited redundancy-free 
set of 130 F of a diagnostic study as well as only 41-85 F of anintervantional 
study will amhived within minutes on a 3,5"MOO or soon on a slenderized 
CD-R a~ a new exchange medium for each patient. 
Two cardiologists and two cardiosurgerons studied independently 24 IOR- 
edited and corresponding unedited digital angiograms and found no signifi- 
cant differences in both diagnostically relevant coronary morphology and left 
ventflcular function. 
Our study shows that 790 of IDR edited anglograms contain the diagnos- 
tically relevant information about coronary and left ventricular morphology in 
only 1 CC; in only 21% of studied angiograms more than 1 CC are required 
for full diagnostic information. 
IDR editing provides a set of images free of redundances and without loss 
of relevant information (secondary digital COronary angiogram). Uneditabfe 
data will be archived in primary form. IDR is managed on-site or off-site by 
an operator strongly interacting with the angiographer. 
~ A  New Technklue of  Hlgh-Reaolution 
Time-Frequency Analysis of Heart Rate Variability 
for the Dlegnosls of Autonomic Disorder by 
Instenteneous Maximum Entropy Method 
Tashikasu Mofiol~, Jun Tanouchi, Kunimitsu twal, Yoshid Yamnda, 
Yuml Takizawa 1, HIdeyuki Sato=. Division of Cardiology, Osaka Rosal 
Hospital, Osage, Japan; 1 Communication Systems Lab., OKI Electric 
Industry Company Ltd., Tokyo, Japan; = 1st Dep. of Medicine, Osaka Univ., 
Osaka, Japan 
Heart rate vades rapidly due to the changes of autonomic COndition dudng 
intervention. Conventional stationarity-based spectral analysis methods are 
not applicable to these rapid variations. We proposed a new technique for the 
time-dependant spectral estimation of heart rate variability (HRV) by instan- 
taneous maximum entropy method (IMEM) which provides instantaneous 
spectrum during very short time interval. We analysed HRV just after exer- 
cise and evaluated autonomic function. Thirty five normal volunteers and 33 
patients with COngestive heart failure (CHF) (EF 34 5: 4%) were examined. 
Instantaneous pectrogram of HRV was obtained at every 500 ms early after 
exercise (< 120 sec). Two peaks in the HRV spectrum (0.04~-0.15 Hz: LF, 
0.15~=0.4 Hz: HI =) were clearly detected in every case (Fig.). 
(Fig.) 
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Frequency of the peak HF shifted smoothly from 0.4 to 0.25 Hz associating 
with the decrease of respiration rate in both groupas. The peak of HF grad- 
ually increased after exercise in normets, while minimally changed in CHFs. 
LF changed reciprocally with HF in both groups. The use of IMEM enables 
us to detect rapidly varying spectrum of HRV and to potentially evaluate 
transient autonomic function in many clinical states. 
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~'~ Value of Angiotensin Converting Enzyme Inhibition 
In Patlente With Myocardial  Infarction, 
Aggressively Treated With Thrombolys ls  or Acute 
PTCA 
Leo H.B. Eaur, Johan J. Schlpperbeyn, Edo van der Veide, Amoud van der 
Learse, Johan H.C. Rather, Albert V.G. Bruochke. Universily Hospital, 
Leiden, The Nethe#ends 
Infarct expansion and left ventrlcular remodelling can be attenuated by roper- 
fusion of the infarct related artery and by treatment with an angietensin con- 
vertlng enzyme inhibitor. The purpose of this study was to detect the value 
of the angiotenaln COnverting enzyme inhibitor enalapfil on infarct expansion 
and ventricular emodelling in patients aggressively treated with thrombolysis 
and PTCA to reperfuse the ischemic ventricle. 
Seventy one patients with an anterior wall infarction received in a double 
blind fashion 20 mg enalapdl (E) or placebo ((3), starting 48 hours after 
entrance to the hospital. Trial medication was COntinued for 48 weeks. The 
influence of E on left ventricular enddiastolio volume (LVEDV) was assessed 
with echocardiography. LVEDV Increased dudng follow-up from 48.2 4- 9.9 
to 59.4 4- 17.0 ml/m 2 in C patients and to 61.9 4- 22.7 ml/r~" for E treated 
patients. In both groups the increase of volume was s!gniticant (p < 0.001), 
but no difference between E and C was observed. However, in patients 
with more than 70°/= stanosls in the coronary vessels an attenuation of 
remodelling by E compared to C could be observed. In this group (n = 42) 
LVEDV increased during 1 year follow-up from 48 ± 9.6 to 60.3 ± 16.3 mVm s 
in C patients and from 47.0 -~ 13.3 to 533 4-17.9 ml/n~ for E treated patients 
(p < 0.03 for Evs C). The difference remained after COrrection for infarct 
size. E had no influence on remodelling in patients without a > 70% etanoals 
(n = 16) and in patients in whom COronary anatomy was unknown (n = 13). 
